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SPECIFICATION 



Process and apparatus for drying ceramic 
blanks 



^nd to"^" apVaS^^^^ the performance 

10 °Vmcrsses?or the productior, of bricks or 
othe° cerar^ic produSs mainly consist of three 
XsesJ e shaping the clay material drying 
fhe shaped articles and stoving the dned 

15 ''fhe phase' i'fwhich the ceramic material is 
shISed involves the use of conven^onal equip- 
ment such as presses or nozzles, by a so- 
iled wet method, with the PO-ible of 
steam or with the application of a dry tech 

20 n qu^ utilizing the humidity of the oeram.c ma- 
ttrial itself for the purpose of shaping it, ac- 
compLnTed by an appropriate shaping pres- 

^"?or the ceramic products shaped by either 
25 of these two methods a certain ^ry^r^gJme 
has to be observed so that most of the 
kneading water and Wgroscopic water con^ 
tained in the products is removed. This oper 
ation is required in order to give the unstoved 
30 bricks or the like a certain compactness and 
Sity required for their subsequent pro- 
cesS and for feeding the buming-.n ovens, 

Ses by introducing them into the said ovens 
Tmrnediately after the shaping Pjocess. 

The drvinq of the bncks or the like cari oe 
AO carried oTby a natural method or artificially. 
ThT natural drying of the shaped bricks etc. 
SVmS US them to the externa, a. .s 
no longer adopted, because the cost of stor- 
ing and fetching the materials e^.^^^^^^J^"^ 
45 because the production of the fin^hed article 
would depend on weather conditions. 
Artificial drying is carried out in -nterm't- 
tently fed static chamber dryers or more fre- 
quently in tunnel dryers operating contjiu- 
50 ouslv To effect the desired drying of the 
bricks or other objects the drying medium 
S^onsists of i currem hot air gene^a^ly 
moving in the opposite direction to the articles 

55 '°Thet?otn drying process for ceramic arti- 
cles suffers from technical and economic 
drawbacks which have hitherto not been sur- 

To" produce the desired heat exchange con- 
60 ditions and remove the layer of steam sur- 
^° ?rnd^g the bricks or the like a oonsiderabte 
quantity of a circulating current o/ hm a'r an- 
d/or a high speed ^o^the current of hot air 
is/are required in the interior of the dryer 
65 used. 



The operation of fans mounted outside or 
inside the dryer therefore ^^''^d /^r a con- 
siderable amount of energy m order to ensure 
an adequate throughput of hot a-r. For th^ 
70 following reasons, furthermore, the tempera 
tu e difference between the drying air and the 
bncks etc to be dried is invariably too small. 

T^l temperature of the bricks, etc., when 
they are placed in the dryer, is comparatively 

'°The heat exchange between the hot air and 
the bricks, etc. to be dried takes place m a 

'TwS" he end of the drying operation the 
80 brSretc. can only withstand a very rtjoder- 
ate suDDly of heat to the surface, because 
Siv a?e in a phase In which the diffusion of 
wmer n the form of steam is taking p^ace 
within a porous material and th« vo "me of 
85 steam is about 10 times as great as that ot 
the water in its liquid form, 
""tf, therefore, the quantity of heat su^ied to 
the bricks etc. on the surface exceeds a cer 
Sfn preselected maximum, this causes them 

^° '°The1rying thus mainly consists of a heat 
exchange^ which takes place through forced 
convection the most effective drying depend- 
ing on the value of the hot-air circulation and 

°VTurtr?ec°hr. dUack resides in the 
fa^t \Z the temperature prevaning when the 

Sr^s^ti^?r^ps^^^^ 

1O0 Xurnt bricks, etc. has a high degree of visco 
'riW.7esulting'in a considerably comb^ing 
lorce between this water and the bncks etc. 

The bricks or similar ceramic Products there 
fore undergo surface drying accompanied by 
105 relative surface shrinkage while retaining their 

'"Ce" the Shrinkage difference ocurr- 
ing between the outer and the inner par^^of 
each brick or similar object causes consider- 
1 10 able stresses in this latter which may cause 
permanent deformation, microfission or even 

^Thl dange'r'of micro-fission is also intensi- 
115 SiSJ^mMCSm^the 

r^s^.K^t^:^--- 

"owJfg'o the time and energy consurned in 

... S-rS-H'ss: 

in noticeable reductions of costs^ 

Attempts have also been made to acceier 
ate the process by heating the crude blanks 
'p^^; to the drying operation^ These exp^. 
130 ments, however, have not given any sat.sfac 
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tory results in addition to which they prove 
expensive by reason of a supplemental heat- 

of labour and amount of heating energy in- 
5 volved in the heating process 

Among further known additives used for the 
purpose of reducing the shrinkage ocurring n 
the drying are ground calcium carbonate ?a^^ 
cum oxide, cement and crushed slag 

9nnq5'oQ%^'^"I^P^°'f''=«'°" DE-OS 
2009909 describes a process for reducing the 
drying time for crude brick blanks of clay pTr 
ticuiarly loam, in which the physical properties 

15 inV !r^.^®^^sing'' of the mixing wa?er are 
15 mflu^^^^^^^ in such a way as to modify the 
adhesion of viscosity. 

ckI!'^ '® ''^ 9'^'"9 clay, before the 
shaping o the crude blanks, an addition of 
mineral oil or a mineral oil distillation product 

U.5 ^0^ of the weight of the clay, or an addi- 

O ^sltft °' P°'y««^-'^-ide. equivalent fo 
o. 1-5% of the weight of the clay 

Another method is known from German Pa 
25 tent Specification DF-OS 24050^7, whTch de- 
trot? th "^'^^^ ^he airTnd con. 

ed Ze^ fnf °' ''^'^ intermittent^ 
Tea dryers for ceramic products 

30 HrJr® ^^u®^^ ''^ intended to enable a tunnel 
30 dryer or channel dryer to be operated w"th a 
low rate of heat consumption. This obS is 
achieved by superimposing curren s of cirU- 
larl?to rh!V'' °' P^rpendicu- 

35 heVnd of tt'S'°" ^^''^ '^^^ 

thf f K ^ Charging period the state of 
exhaust air is altered in such a way t^t 
with approxirnately constant relative humS 
the abaolute humidity is caused to increase 
40 ^^"^P^^^^"- blank^onT: inlet 

This solution can only be adopted with drv- 

connere?:n^n' ' """^'^^ °' "'^'"9 
oZTTi ^^" succession. It cannot be ap- 
plied to chamber-type dryers 

delJribeZn r.°' ' ''0°'^'^ ""^ ^PP^^^^"« 
ol 2547.ikn . ""f ^^'^"^ Specification DE- 
OS 2547400 for the drying of ceramic semi- 
.nished products is to dry them .n T Eighly 

t>U sible consumption of heat 

milShifw"^"" w*'^ "layering" the ceramic ae- 
mifinished product, particularly bricks, to form 

air rs'J'"" "".''"3 Pre-heated dr^ng 
55 a furth Jf " 'TV^^""' ^^^'^ <=ase placing 
umn iti ^^"'"^'"'sf^ed product on each col- 

Tct from [TT"^ " ^"^^ semifinished S^o- 
duct from the bottom of the column The 
apparatus consists of a drying chamber in 
wh-ch drying air flows around the semi-fin- 
60 shed products and is characterized by the fact 
T.nH^'^T P'P«^ the drying 

formed fT'^'l ^''^ ^^^''^^l shafts are 

H, ^! . K °^ semi-finished pro- 

65 t1r» ^"^ the drying app^ara- 

:<GB 21777SSA i ^ 

arying chamber are provided at the 



Sch ?h apertures through 

which the shafts are fed with the products 
and through which the dried material is ex 
70 '■■"^^^'^ «.*he bottom, respectively 

^ The drying operation carried out in suoerim 
posed rows of semi-finished produc?s bS un 

tion of the drying energy without recourse to 
75 fJT- ^'"9. system. The moisture content of 
adantTf "I '''r^'"^ column s 

to h« H ■ ^ f semi-finished products 
the boio!^' '° '"^'"S fed in at 

tinue m ,K '"k '=°'^P'««'y dry state can con- 

80 towlds theTop""''"" 

The purpose of a process for the production 
of ceramic articles described in GemS^^ Patent 
Specification DE-OS 2905748 is toTranoe a 
method for the production of ceramic^ bncks 
85 and similar articles so that all the drawbacks 
f om which the known methods are found to 
qSed fo Sf '""^ t*^e« 

lesrshorI«r th^^T'" "•^''^•"^ ''^'"S "everthe- 
90 lesses kno J?." P^- 

fac^ihatTi^"' '"^ ^ °f the 

2 thi H ""^'^"""^ ^"''^'^s. when being fed 
to the dryer or immediately thereafter a?e 

95 SoTthtir'^^-'^' "'"^ ^"""9 th^ heiing 
DroxTr^.Ziw T'^^"'^ ^«"^ains ap- 

phase ^'"'"encement of the heating 

too P-^cra??Sed^^^^^^^^^^^^^ 

^ween 40X and lOOx' (dewSrandVttis 

I ft « h'l'" ^"T""'"^"* ^"''■'^h the water 
IS at a high partial pressure 

105 hJr.'^^'*"'"'^'' '^^^'"''^ products can be 
ToO'C^S '° ^ P°'"^ ''^tween 40°C and 
. 100 C by a current of hot air having a tem- 
perature of 120°- MOT anrJ o ~ 
tpnt kJ xV; a mnisture con- 

tent of between 48 and 850 g per kg of 

110 n^'"^^'.- to the known - cold win 

car?Sd n ./'' ''"'"9 °^ ^"^^ ceramic pits, 
carried out in an environment in which the 

s^earl, tolnH''"' --"^^ the 

steam to condense on the surface of each 
ceramic article, with the subsequent eSssion 

is therpr^'"'"?°" The ceramfoTroduct 
Lr ® h^^t^d over its entire aur 

face and internally, this taking place before th« 
evaporation of the water on ?he surface cor^ 
130 Tk "''^' /!"' because during the fir« 

120 phase of the process the flow of hLt pene- 
tra ing the interior of the ceramic product it- 
self increases. This fact is due to the hioh 

t^'hter "^^^^ and^tJeS to 

125 th! ^ exchange coefficient prevailing in 

tNs heaf '^^^'"9 ^ake^L place.^ 

100 trml coefficient being 10 to 

rim ln h t ^'^T '^"efficient occur- 

ring in hot air dryers of the customary tvoe 

130 h iif °^ P3«*a' PressuVe TeSd 

130 by the water and the control of tSe terSpeS 
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ture during the drying of the ceramic products 
cSfTS^e fulfilment of certain essenual con- 
dins in the operation of such a dn^ng Pro^ 
cess With each ceramic unit, needless to say. 

5 ?he entering flow of heat -"^^^^-^.^^^J^Sd 
water or flow of steam have to be balancea 
his is done both in accordance with the 
Zious drying phases and In ---o.6ar^ v.^ 
the characteristics of the cerana.c product con 
iO cemed such as its porosity, shape, thickness, 
me^ha^ioal strength, etc. Such controls are 
carried out by not only influencing the quanti- 
ses of a°r and the quantities of fuel consumed 
Inside or outside the dryer and/or recirculation 
15 of used smoke belonging to the dryer rtsetf 
but also and in particular by ini«=t.ng steam 
and/or sprayed water into the dryer itself, so 
that the desired temperature and hum.d.ty 
conditions aforementioned for the drying will 
20 be duly obtained. This undoubtedly sat.sfac- 
torv and useful process is directed only to a 
Sctton of the drying time, while tbe healing 
energy and electrical energy required for the 
drying being dependent on the time elapsing, 
25 remain somewhat subordinate thereto. 

The process descnbed in German Patent 
SpecJiStion DE-OS 2934420 and the relevant 
apparatus for the production of bncks dea^s 
more with the functional aspect of br^k^ man 
30 ufacture. Its purpose .s to P-'^^'f ° 
ducing process and apparatus of which the 
fun^Snal and constructional characteristics 
will enable the drawbacks of the prior art to 
be overcome. For the solution of th.s .prob em 
35 a brick manufacturing process is P^Y'ded in 
which the drying phase and the P^a^e 
take place in a single apparatus into which the 
resh mouldings are inserted preferably ma^ 
single layer, the process involving the follow 
40 inq further steps: . 

Pre-heating the fresh mouldings in the inlet 
zone of the apparatus up to a temperature of 
45-100°C, this pre-heating being carried out 
by means of a current of hot gas havung a 
45 nreselected moisture content and caused to 
movein the same direction as the said mould- 

*" D%ing the pre-heated mouldings by means 
of a further current of hot gas Quided in the 
50 same direction as the moving product, this 
cuJ^ent of hot gas being formed by the waste 
gases of the preheating phase prior to entry 

into the kiln. , 
Recirculation of the waste gases part of 

55 them being guided to the inlet o p 3"^; 
there forming the current of hot gas for the 
pre-heating of the fresh mouldings another 
pan of the waste gases being recirculated for 
the cooling phase of the completely stoved 
60 bncks and^tSere enriched with a preselected 
^° Suantit^ of cold air. while finally a further part 
of the said waste gases is discharged to the 

''^'VT process is unfortunately only feasible 
65 with so-called tunnel furnaces but cannot be 



applied in the case of chamber-type dryers. 
Considerable attention, however, is paid to a 
process for the manufacture of cerann.c pro- 
ducts which is described in German Patent 
aucis wiiiv-ii oQ-a^gge This so ves the 

70 Specification DE-PS Z«J.i»SD. i 

problem of drying cera'tiic product of diff^^^^^ 
ent shape and material with uniform efficiency 
and nevertheless without damaging thern^^The 
solution adopted is as follows: Process for the 
7S manufacture of ceramic products hy shaping 
Sem from a plastic mass, subsequent drying 
bv LTalTnter^al supply of heat and later ex- 
ten^Sl supply of heat and subsequent stoving 
for the puHJOse of sintering, accompanied by 
80 con inuous movement of the shaped products, 
cha acterized by the fact that the supply of 
Sea f?om the inside is terminated when the 
maximum hygroscopic humidity is reached.^^^^^ 
supply of external heat commenced after the 
85 termltion of the shrinkage in the Product 
and continued until equilibrium humidity is 
reached and the intensity of the supply of 
heat being selected to ensure that the mo.s- 
Vure is not given off at a speed exceeding 

'° ' IccLTg to the foregoing teaching the dry- 
ing procesi can be sub-divided into three 
rtlaes during the first of which heat is only 
JuppYed inter' ally, this being fo"owed by the^ 
95 supply of heat internally and externally s multa 
neously, the final supply of heat being ef- 
fected solely externally. 

The moments selected for the change-over 
frorn one stage to the next are the same for 
100 all shapes and materials and guarantee maxi- 
mum dry^g efficiency without damaging the 
product'm'this process the initial internal sup- 
ply of heat is obtained without heating the 
nroduct in its entire volume, the outer layers 
105 o the P oduct having a lower temperature 
San the inner layers, owing to the evapora- 
tton of the moisture. The temperature gradient 
an3 the humidity gradient take the same direc- 
tion, thus ensuring more rapid emission of 

"^hrdecreasing interna, humidity results in a 
decrease in the heating intensity through the 
supply of heat from the inside and thus also 
fn^he temperature gradient from the inside 
115 owards the outside. When that degree of 

humidity has been reached wh'ch the shnn 
kage of the product is terminated and the 
supply of external heat then commenced, the 
temperature gradient reverses and the emis- 
120 rn'ormoist'ure is further acceleratec^ When 
the humidity has then decreased still further 
and haT reached the maximum hygroscopic 
humidity the supply of internal heat is no lon- 
grSlective. thTsupply of external heat^hen 
125 being the only remaining means of maintaining 
a favourable degree of efficiency. 

Xn the products have reached equilibnum 
humidity further drying serves purpose^ 
ThT intensive supply of heat to the products 
130 accelerates the drying process but also in- 



volves. If a certain maximum speed for the 
emission of moisture is exceeded, the danger 
that the product will be destroyed in conse- 
quence of the internal stresses occurring 
The speed at which moisture is given off in 

t J^T^f'°'^^^ "'^y be allowed 

to vary but most not exceed 0.5% / min The 

sTlT' °* ^^^^ ^^"^ '"Sd« wa's 

10 th l^^lf '"9 ^" '^"^rent to pass 

10 through the blanlcs. In another example this 

was^effected by the aid of high-freqSen^ cur- 

AJI these directions for technical action 
which have undoubtedly been amply clarified 

STn'^o °' ^-^^ fac- 

tor in common, inasmuch as they only indicate 

final or intermediate states but do not in- 
dicate how and by what means the limit 

20 cal"? wS,""''"'^'^ °' determined in each 
case. With pyrometric and pychrometric mea- 
surements of the kind known perse it isTs a 
rule only '-space state values'' that can be 
determined, by which, in conjunction with the 

2-5 "leasurement and empirical values, the 
es?ma";iSI^ ^"'^ *° ^"^d is 

By a time program setting means in con- 
unction With the temperature and humidity 

30 a'^eguir"'*"" ^^'^'^'^^ 

Unfortunately a solution of this kind fails to 
^ke account of the frequently fluctuating para- 
meters, such as the mass of the blank or its 
35 ^hS*^' ^°"^P«"^^tion of which in the 
35 chamber, requires widely varying period of 
time and/or energy consumption rates 

oJ ensure the 

prescribed residual moisture in the dried brick 

enerov V^c « ,^°^^««Ponding consumption of 
energy. This renders production less economi- 

The purpose of the invention is to provide 

45 WaVks' '3'?J^«'=°"°-"' diving of ce'r^mt'' 
4t) blanks, an automatic solution adapted to prac- 
tical operating conditions and enabling sugec 
whrnf ft eliminated and the 

menled ^^'"^ '"'"''^^^ *° 

50 The object of the invention is to provide a 
process and apparatus enabling the dZq of 
ceramic blanks to be carried out by an auto 
matic chamber drying method freely progra^- 
mable for all parameters occurring from ?S 

records. '^^'"9 '°99ed in actual 

According to one aspect of the invention 
60 2.nL'^- ^T''^'^ ^ P^^'^^^^ drying ceramic 
« fon ♦r""""^ ^ multi-phase drying oper 
b rks .^^''h comprising heating ceramic 
blanks m a drying chamber relatively slowly to 
a programmable temperature «1 in a firsrdrv 
ing phase without any air change in the drvina 



rdntmS' ^"l'"'t'^' ™"^°val of moisture by a 
controlled air change in a second drying 

being used as a guide value and in a third 
70 drying phase extracting the residual moisture 
^nSL^^T '^""^^'y ^^P'^'y fron^ the ceramic 

Sir suitabl^r'""""^ process Z 

der suitable energy consumption conditions 

75 wShTn" '^'"9 P^^'^ commeres 

75 with an empty open drying chamber, in such a 

Zln"""' '^K^ '^'^"'P"^^^ meUuring 

rneans ,n the drying chamber are tested for 
their operating efficiency, the initial state beinq 
80 S and recorded, and then the cera^ 

SLi? f - '"*^°duced into the drying 

Slowly to a temperature of v without air 
Change the operating means of the dryinq 
85 t 1 ^^'t'^hed on, in which process 
85 by an electncal dynamometer, the mass of ihe 
ceramic blanks within a representative LneTn 
the drying chamber is automatically deter- 
hJCfn ' ^^«,'"'t5l mass of the ceramic blanks 
90 thT?t ^^"^ measured and 

tSereSTh'""^ determined and in parallel 
foJnlT ^^.'■«s"'t'"g values obtained are 
logged, and air circulation means, e.g. motors 
for air circulation, in the drying chambe^.? 
operated cyclically by a control program until 
95 the drying chamber is automatically^swTtched 
off while a heat exchanger associated with 
the drying chamber and serving to heat the 

ti'me t To"i " f "nf^"^"^" ' Programmed 
100 rfe g 0^ ^000/? h° ' Programmable power 
lJ x> -"lOO^") by an associated adjustino 

the heat exchanger is set to a programmable 
P^J.P^ (e.g,0 ...1000/0,. this^o'cess being 
maintained until the average circulating air 
105 emperature of the drying chamber has 

0 foSorr^^^T^*"^ temperature 1 of 

? S' ^""^ '"^^'^ temperature is 
nlt^S? f P??^^^ t'^^e ^hicf, has elapsed is 
1 10 ttnT^rfK '"'^ '°39ed and the control ?ondi- 
mTn w ^^^"""^ ^""y'^S phase are com- 
menced in such a way that the adjusting valve 

\nXt\ ^ programmable value P, (e.g. 0 
vVhI3 K •' ^" ''^^"9^ "^^"'""^ which is pro- 
1 15 devil v"^ "P^"^"^ by an adjusting 

1on<^^" programmable steps S, (e.g. 0 
...100%) and at time inten/als t, (e.g 0-100) 
rninutes. until the programmable gradient G of 
the removal of moisture per unit time (e g ' °^ 
120 ^nm\t moisture/h) is reached, and 
120 from this moment, at which the process time 
•s logged, the adjusting device V, is moveS^fn 
small steps, in order to maintain \ht Telectei 
value for G,. and the second drying phase is 

125 r h^J'"' ?!. resTdu'al'^SJ e 

F,„ having reached a programmed value F 
(e.g. 0...15%,, while the moist air leaving the 
drying chamber is conveyed through aTair 
outlet Shaft above the roof of the chambe 

130 \^L7i''°'''"^^^ *° '^^'"g chamber being 
130 taken from a channel into which spent air 
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from the other drying chambers which are 
'then in the third drying P^^^se and are g.vmg 
off relatively dry warm air, and when the value 
fir eS the process time is logged and 
5 the transition to the third drying phase com- 
rnences by the value V, being set to a pro- 
grammable value P. (e.g.0...,100%) and the 
adjusting device for the air change to a 
fiJed position L. (e.g. 0...100%), and the dry- 
10 ing process is continued with these para- 
meters until the residual moisture which can 
be calculated for the ceramic blanks has 
reached a programmable value F. (e^S-^ 
O 15%). after which the valve V, is adjusted 
15 ?o a z?ro value and the ^^-9 -nt.nued 

residual moisture F3 <e.g. 0...15%) 's reacnea, 
tie drying cycle thus being terminated, whHe 
the process time, residual moisture F„ date, 
time temperature and drying chamber number 
on are loqqed and printed out. 

According to another aspect of the inven- 
tion there is provided an apparatus for carry- 
ina out the process including as means for 
measuring the temperature in the drying cham- 
25 ber two Thermometer probes provided at d. - 
ferem heights in the drying chamber and for 
detern^ning the humidity value Jhe -ram.c 
blanks a column of the drying chamber struc 
Sre contains an electronic dynamorneter de. 
30 vice preferably taking the form of electronic 
pressure cells, and as a data acquisition 
means an electronic control computer and a 
chronometer of quartz accuracy being con- 
nected with measuring means and control eie 
35 mems for controlling the air and air cjrcu- 
St!on and the valves there are provided mo- 
os and servo-motors fitted with reveriive 
signal potentionmeters which are connected to 
tS control computer, and the electronic con- 
40 trol computer includes a central Processing 
unit, a fixed-value store for control and regu- 
lating programs, a variable value store for con- 
trol data an adapter unit for a keyboard, an 
nput keid. a screen display adapter unit 
45 and a sc^reen display or a P"""'^-- 

an adapter unit for a teleprinter and a printer 
and also an adapter unit for regulating ele- 
ments such as for instance valves, relays, mo- 
tors an adapter unit for measuring means, 
50 such as for instance semi-conductor ther- 
mometer probes and P^^^.^^^.^^^^^ 7!"P^.er. 
central control apparatus is Adapted to inter 
rogate or activate the measuring means of a 
drying chamber complex and its adjusting de- 
55 vices at different times. 

The invention will be explained in greater 
detail by reference to an example illustrated 
by the accompanying drawing. 
The drawing shows a block diagram of the 
60 control computer structure and also J ^he 
drying chambers, adopting the example of a 
drying chamber 1 with its measunng and ad- 
justing devices. , 
All drying processes hitherto known for 
65 ceVarrJc^Slnks were usually controlled by sub- 
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iective varying factors and other empirical 
Sues. Fr?m such empirical values, however, 
it is not possible to derive those measunng 
vaLs which are essential for the automation 
of the required drying process. Automatic dry- 
Tng technology is only feasible if clear target 
parameters and guide parameters which unam- 
biguously lead to them as well as a reliable 
measurable criterion applicable throughout the 
75 entire drying process are provided and ren- 
dered measurable. . . . _ 
For the drying technology for ceramic b anks 
in accordance with the invention a measu able 
control criterion is the amount of hurnidi^y 

contained in the blanks 'J^^^^g ra- 

tude is measured from the weight of the cera 
mic blanks from the entry into the drying 
chamber 1 during the drying process until rts 
completion, which is determined from the 
weioht or from the difference between the 
weight at the beginning and the weight at the 
end of the process. The percentage of the 
moiswre content of the ceramic blanks result- 
Zg from the kneading and shaping Process is 
known and is included as a fixed value m the 
control process. 

The drying technology for the ceramic 
blanks is carried out in three phases. The dif- 
S^encB as against the known r""'t;-Pha«J^f " 
ing technologies resides in the fact that the 
technology according to the invention is con- 
trolled by computer, i.e. automatically. 

The first purpose of the first drying phase is 
to deteVr^ine or ascertain the initial values for 
Se automatic control. For this Purpose, before 
the filling of the drying chamber 1. i.e. with 
the open drying chamber 1 empty, all measur- 
ng means for the said drying chamber 1 are 
tested for the appropriate performance of their 
Snction, the initial state being determined and 
logqed via a control computer, i.e. fed into a 
Se-value store 3 associated with this ^t- 
ter The number of ceramic blanks to be dned 
Ire then introduced into the drying chamber 1, 
after which the said drying chamber 1 is 
svl^tched on, in order to heat and bring the 
inserted quantity of ceramic blanks to a tern 
"erasure value this being done wrthom any 
air i e the ceramic blanks are heated by the 
provided circulating air, continuously moved in 
the drying chamber by motors of an a'r circu- 
tet!ordevice 4 with suitable bellows. When 
the motors of the air circulation device 4 are 
IwitSied on. the load in a representative zone 
o7 he drying chamber 1 is automatically de- 
termined at the same time by the a.d oj an 
electronic dynamometnc device 5, preferably 
coSng of pressure cells. From the value 
?hus measured the control computer calculates 
the initial mass, the starting time then being 
determined and all values logged by feeding 
?hem ir>to the variable-value stoje ^^Th .mo- 
tors of the air circulation device 4 for the 
drculating air in the drying chan^berl are op- 
erated cyclically in accordance with a control 
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program from a fixed-value store 6. This oro- 
cess continues until the drying chamber 1 is 
automatically switched off. A heat exchanger 

5 sholT* *^ ""^'"S '^''^'"ber 1 and not 

5 shown «n the drawing is subjected by an as- 
sociated adjusting valve V, for a freely pro- 
grammable time t,. which may range from 
zero to seven hours, to a programmable 

10 100% ""^'^^ "^^ ° ^"^ 

After the expiry of this period the heat ex- 
changer IS set to a programmable power P2 
which may range from 0 to 100%. This pro- 

1R It^! maintained until the average circulating 

u ^ programmable temperature wl 
Which may range between 0 and 100% ' 
When this temperature is reached the process 
time which has elapsed is determined, written 
20 ,n by feeding it into the variable-value stofe 3 
tion *® t™"sition to the control condi- 

effected ^ "^'^'"^ ^^^^^ ^^^^ 

25 th J'Jnrthf^r^ °^ ^''f d'^*"9 phase is 

25 tf^e further heating of the ceramic blanks and 

the commencement of the removal of mois- 
ture by controlled air change in the drying 
chamber 1. The gradient of the humidity re- 
duction IS utilized as the guide value. 
30 In the transition to the second drying phase 

No r"^^ ^^'^^ ^° 3 programma- 

mn^ ^2 which may range from 0% to 
100%. and the air change device, by means 
of an adjusting device V2, is further opened in 
35 programmable steps SI, which may range 
from 0 to 100%, and in intervals of time t, 
which may range from zero to a hundred min- 
utes until a programmable gradient of the 

40 5"to 5? iT^^^ ""^''^ ""^Y range from 
w o to 5% of the moisture per second is 

reached. From this moment onwards' of which 
the process time is logged by feeding it into 
the vanable-value store 3, the adjusting devL 
V2 IS adjusted in small steps, for the purpose 
45 of maintaining the selected G1 value 

The second drying phase is completed by 
the residual moisture value F„ having reached 
a programmable value F1. which may range 
from 0 to 15%. ^ 

i« l^^ ""^'t* f '^^^'"9 ^'■^'"9 chamber 1 
Ihp T? 3" air outlet shaft above 

rh!^h 'conveyed to the drying 

chamber is talcen from a channel into which 
spent air from other drying chambers which at 
55 this moment are in the third drying phase and 
are gn^ing off relatively dry warm lir The dry- 
ing chamber 1 shown in the drawing symbol- 
izes one of a number of drying chambers pre- 
en 1 u P^'^ess time which has elapsed 
60 when the value F1 is reached is logged by 
feeding it into the variable-value store 3 The 
purpose of the third drying process is to ex- 
tract residual moisture from the ceramic 
blanks relatively rapidly and to complete the 
65 drying process under favourabte condSons as 
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regards energy consumption, 
in tlie transition to this third drying phase 

pi wil^'h^' '° « programmable vie 

7n Thl' ^ !} ""^y '^"9® fro'" 0 100%, and 
^onT^'^'T-^. ^^^''^e V2 to a posi- 

With these parameters the drying process is 

br^LT'i^^w '! '""^ '^"'"^'"S which can 

be calculated for the ceramic blanks has 

in th^? ""^'^'^ programmable 

•n the fixed-value store 6 and which may 

selTo oTnH°th° T'^'- then 
o "''^'"9 process continued 

80 riJL /*^"^^^' "^"'sture value F3, which may 
80 range from 0 to 15%, is reached 

The drying cycle is thus terminated, and the 
process time, residual moisture F3. d^te time 
temperature and drying chamber number a™' 

85 Ln??th ^ variable-value store 3. 

85 and the over-all sequence of operations in the 
drying process is then printed out in a prin er 
or similar device 7. H'mier 

The apparatus for the performance of the 
process consists of two measuring sensors 8 
90 situated at different heights in the^drying 

chamber. The measuring sensors used consist 

dfnH.? f ''t 'u^'''"^'"^'^^^ 100 or silicon 
d odes of which the UF (,.) value is evaluated 
or else the specific semi-conductor ther- 
mniTf^' determine the 

Hnwn l"^ '^^'^'"''^ blanks in the 

drying chamber 1 a column of the drying 

cini^fnc ^'T""'^' ^f^^^" the drawing. 
100 T^Z ^^y"^'"ometric device 5 in the form 
100 of electronic pressure cells. 

Before the drying chamber 1 is given its 

!;ifwT/.°/ fT"""" ^'^""^^ ^he static supporting 
load Mst of the column is determined, the 
10R fT^ "lass Mm being measured as an electri- 
105 cal magnitude after they have been so 

ttnl tK ""9.*^^ '^'^"9 P^°^«s« the reduc- 
tion in the initial mass of the moisture re- 
moved is continuously ascertained. As the ini- 
110 "^"'^^"'•^fA is known the actual propor^Sn 
110 of moisture fp is calculated by the control 
rn'TTA ^'■^^"'^ting air a^ 

.cT -^"^^^ ^ shown symbol- 

ically ,n addition to the circulating air device 
1 1R ;•■ , servomotors are fitted with revertive 
115 signal pontentiometers, not shown, these be- 
ing connected to the control computer 2 
The electronic control computer 2 comprises 

storTfi" r''t''"3 ""'^ a fixedTalue 

120 f ^ K ' T '"^'''^ programs are fed with 

central processing unit 11. a variable-value 
store 3, in which the imermediate values are 
entered from being printed out by a teleprinter 
125 n ^ ^t ^"'^ °f the dryfng 

feS' P'"'' ""'t f°r the^said 

telepnnter or similar printer 7, and adapter unit 
15 for screen display and a screen unit 16 
anlnf *=°"trol computer 2 also includes an " 

130 valves 9"a"^d iV°^'t'''"9 ^'^"lents such as 
iJU valves 9 and 10 and the air circulation device 



4, as well as an adapter unit 18, pick-ups 
sucli as dynamometric device 5, measuring 
sensors 8 or sinnilar pick-ups. 
The functions control by the control com- 

5 puter 2 is programmed and arranged in such a 
way that each time a servo-motor is actuated 
a revertive signal is emitted which differs in 
its level as a result of the pontentiometer con- 
nected with the adjusting valve and not 

10 shown in the drawing and is evaluated by the 
central processing unit. 

CLAIMS 

1. A process for drying ceramic blanks in- 
15 volving a multi-phase drying operation, the 
process comprising heating ceramic blanks in 
a drying chamber relatively slowly to a pro- 
grammable temperature ol in a first drying 
phase without any air change in the drying 
20 chamber, effecting further heating of the cera- 
mic blanks and initial removal of moisture by a 
controlled air change in a second drying 
phase, the gradient of the moisture removal 
being used as a guide value and in a third 
25 drying phase extracting the residual moisture 
still present relatively rapidly from the ceramic 
blanks and terminating the drying process un- 
der suitable energy consumption conditions, 
wherein the first drying phase commences 
30 with an empty open drying chamber, in such a 
way that by a control computer, measuring 
means in the drying chamber are tested for 
their operating efficiency, the initial state being 
determined and recorded, and then the cera- 
35 mic blanks are introduced into the drying 
chamber and in order to heat them relatively 
slowly to a temperature u without air change 
the operating means of the drying chamber 
are switched on, in which process, by an 
40 electrical dynamometer, the mass of the cera- 
mic blanks within a representative zone in the 
drying chamber is automatically determined, 
the initial mass of the ceramic blanks being 
calculated from the values measured and the 
45 starting time determined and in parallel there- 
with the resulting values obtained are logged, 
and air circulation means in the drying cham- 
ber is operated cyclically by a control program 
until the drying chamber is automatically 
50 switched off, while a heat exchanger associ- 
ated with the drying chamber and serving to 
heat the circulating air is subjected for a pro- 
grammed time t, to a programmable power P, 
by an associated adjusting valve V„ after the 
55 elapse of which said time the heat exchanger 
is set to a programmable power P^, this pro- 
cess being maintained until the average circu- 
lating air temperature of the drying chamber 
has reached a programmable temperature y1, 
60 and when this temperature is reached the pro- 
cess time which has elapsed is determined 
and logged and the control conditions of the 
second drying phase are commenced in such 
a way that the adjusting valve V, is set to a 
65 programmable value P3, an air change device 
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which is provided being opened further, by an 
adjusting device V^, in programmable steps S, 
and at time intervals tj, until the programma- 
ble gradient G, of the removal of moisture per 
70 unit time is reached, and from this moment, at 
which the process time is logged, the adjust- 
ing device Vj is moved in small steps, in or- 
der to maintain the selected value for G,, and 
the second drying phase is completed by the 
75 calculated residual moisture F,„ having reached 
a programmed value F,, while the moist air 
leaving the drying chamber is conveyed 
through an air outlet shaft above the roof of 
the chamber, the air conveyed to the drying 
80 chamber being taken from a channel into 
which spent air from the other drying cham- 
bers which are then in the third drying phase 
and are giving off relatively dry warm air, and 
when the value F, is reached the process time 
85 is logged and the transition to the third drying 
phase commences by the valve V, being set 
to a programmable value P4 and the adjusting 
device Vj for the air change to a fixed posi- 
tion L„ and the drying process is continued 
90 with these parameters until the residual mois- 
ture which can be calculated for the ceramic 
blanks has reached a programmable value Fj, 
after which the valve V, is adjusted to a zero 
value and the drying continued until residual 
95 moisture F3 is reached, the drying cycle thus 
being terminated, while the process time, resi- 
dual moisture Fj, date, time, temperature and 
drying chamber number are logged and printed 
out. 2. Process according to Claim 1, wherein 
100 time t, ranges from 0 to 7 and/or power P, 
ranges from 0 to 100% and/or Pj ranges 
from 0 to 100% and/or temperature v1 
ranges from 0 to 100°C and/or power P3 
ranges from 0 to 100% and or tj ranges from 
105 0 to 100 minutes and/or gradient G, ranges 
from 0 to 5% per hour and/or residual mois- 
ture F, ranges from 0 to 15% and/or power 
P, ranges from 0 to 100% and or value Lj 
ranges from 0 to 100% and/or Fj ranges from 
110 0 to 15% and/or F3 ranges from 0 to 15%. 
3. A process for drying ceramic blanks in- 
volving a multi-phase operation substantially 
ss herein described with reference to the ac- 
companying drawing. 
115 4. Apparatus for carrying out the process 
defined in Claim 1, including as means for 
measuring the temperature in the drying cham- 
ber two thermometer probes provided at dif- 
ferent heights in the drying chamber and for 
120 determining the humidity value in the ceramic 
blanks a column of the drying chamber struc- 
ture contains an electronic dynamometer de- 
vice and as a data acquisition means an elec- 
tronic control computer, and a chronometer of 
125 quartz accuracy, being connected with measur- 
ing means and control elements, and for con- 
trolling the air and air circulation and valves 
there are provided motors and servo-motors 
fitted with revertive signal potentiometers 
130 which are connected to the control computer. 
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and the electronic control computer includes a 
central processing unit, a fixed-value store for 
control and regulating programs, a variable- 
value store for control data, an adapter unit 
5 for a keyboard, an input keyboard, a screen 
display adapter unit and a screen display or a 
punctiform display, an adapter unit for a tele- 
printer and a printer, an adapter unit for regu- 
lating elements, an adjusting device, air circu- 

10 lation device, an adapter unit for measuring 
means and measuring sensors which central 
control apparatus is adapted to interrogate or 
activate the measuring means of a drying 
chamber complex and its adjusting devices at 

15 different times. 

5. Apparatus according to Claim 4, wherein 
the electronic dynamometer device takes the 
form of electronic pressure cells. 

6. Apparatus according to Claim 4 or Claim 
20 5, wherein the said adapter unit for regulating 

elements is an adapter unit for valves and/or 
relays and/or motors. 

7. An apparatus for drying ceramic blanks 
involving a multi-phase drying operation sub- 

25 stantially as herein described with reference to 
the accompanying drawings. 
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